Percutaneous endoscopic debridement and irrigation for thoracic infections
With the aging of the population, the increase of underlying disease and immunosuppressed patients, and drug-resistant tuberculosis the incidence of spinal infections have increased 1 . Spinal infections include suppurative spondylitis, spinal tuberculosis, brucellosis, fungal infection, among others. It requires long treatment cycles and high costs, sometimes easily relapsing and even threatening patients' lives 2 . It is something that has become a heavy burden on families and society.
Infections, especially tuberculosis, easily affect the thoracic spine. It is different from the lumbar and cervical spine. Because of its adjacent position to the pleura and thoracic cavity and reduced blood supply for the spinal cord, the thoracic spine surgery is complex and high risk.
The purpose of the operation is the identification of pathogenic bacteria species, debridement, correction of deformity, and reconstruction. Conventional surgery involves skin incision by posterior radical debridement, decompression, and pedicle screw fixation. This approach improves the rates of inflammatory relapse, but leads to surgical trauma, blood loss, and postoperative complication.
Minimally invasive surgery can avoid these disadvantages, it includes CT guided biopsy, minimal posterolateral decompression and fusion, percutaneous discectomy, tubular retractor system, among others. It can minimize injury to body tissues, reduce bleeding volume, and shorten postoperative bed rest 3 . Percutaneous endoscope for thoracic infection is rarely reported. Sometimes the thoracic spine is considered a restricted area for percutaneous endoscopic surgery. In our department, the percutaneous endoscope was used for thoracic infections, and the data was collected in order to analyze the effects of the surgery.
MATERIALS AND METHODS

Demographic Data of the Patients.
A total of 30 patients who underwent surgical treatment for thoracic infections in Qilu hospital and Jining No.1 people's hospital from August 2014 to December 2016 were retrospectively analyzed. The institutional review board of the Qilu Hospital and Jining No.1 People's Hospital approved this study, and all patients gave their informed consent. Of all patients, 16 were male, and 14 female. The age ranged from 41 to 90 years, with an average of 64.4 years. There were 7 cases of Pyogenic spondylitis, 21 cases of spinal tuberculosis, and 2 cases of brucellosis, all were thoracic infections. Patients were divided into two groups, percutaneous endoscopic debridement and irrigation group (minimal group) and open debridement and fixation group (conventional group). There were 9 cases in the minimal group, and 21 cases in the conventional group. General condition, operative index, laboratory results, and imaging features of the two groups were collected.
General condition included age, gender, smoking, comorbidity, and duration of hospital stay. Operative index consisted of bleeding volume, operation time, and preoperative, at discharge and 1-month postoperative VAS scores. The imaging features focused on abscesses, deformities, nerve deficit, and spinal instability. As for laboratory results, we chose C-reactive protein and erythrocyte sedimentation rate, which reflected the severity, progression, and therapeutic effect of the disease. Tumors and rheumatisms were excluded by laboratory tests and radiological imaging. Before surgery, all patients received antibiotics, but were not relieved.
Surgical Procedures.
Minimal group: Patients were prone positioned. The entry point was marked under fluoroscopic guidance. We used local anesthesia so that the patients were aware. Usually, the puncture point was 8-9 cm to the midline, parallel to the target intervertebral space, and the angle was 45 degrees from the coronal plane. The puncture needle was inserted into the disc through the foramen. The working cannula was placed and was connected with the Joimax endoscopy system. Aggressive debridement was carried out to remove nucleus pulposus, inflammatory granulations, and dead bones. Pathogenic specimens were sent for laboratory examination. Routine, smear, pathological, and etiological tests were performed. Mass antibiotic saline was irrigated, inflow and outflow. After thorough hemostasis, the drain tube was placed.
Conventional group: Before surgery, a biopsy was needed to identify pathogenic types. General anesthesia was adopted, and the patient was prone positioned. A midline incision was performed, and then through the paraspinal muscle approach, the articular process was exposed. Decompression was performed bilaterally through the articular process. The lamina was preserved without nerve compression. If there was nerve deficit, compression was needed to remove the lamina and open the vertebral canal. Nucleus pulposus, inflammatory granulations, and dead bones were cleaned up, and pathogenic specimens were sent for laboratory examination. Pedicle screws and titanium cage were inserted. After saline irrigation, two drain tubes were placed.
Postoperative management. Appropriate antibiotics were selected according to a drug sensitivity test, isoniazid and streptomycin were selected for spinal tuberculosis, and tetracycline was chosen for brucellosis. The pathogen types couldn't be identified for 2 patients, but trial antituberculous therapy was effective, so they were considered to be atypical thoracic tuberculosis. Drainage no significant difference between the two groups of preoperative VAS scores. VAS scores in the minimal group at discharge were better than in the conventional group. But in the long term, there was no difference after the 1-month follow-up. (Fig. 1) Among 9 patients who underwent minimally invasive surgery, 5 had abscesses, 1 had a deformity, 2 had nerve deficit, and there were no spinal instability cases. Among 21 patients who underwent conventional surgery, 11 had abscesses, 8 had deformities, 12 had nerve deficits, and 10 had spinal instability. Minimally invasive surgery and conventional surgery were both available for patients with abscesses, deformities, and nerve deficit; conventional surgery was not the only option. According to the Fisher exact test, there were significant differences between both cases of spinal instability. For patients with spinal instability, we chose to use pedicle screw fixation. (Fig 2) The mean preoperative C-reaction protein in the minimal group (28.9±7.47) was lower than in the conventional group (45.1±15.78). There was no significant difference between discharge and 1-month postoperative. There was no significant difference in ESR between both groups either. ESR and C-reactive protein decreased gradually during the follow-up. (Table 3) VAS scores, C-reactive protein, and erythrocyte sedimentation rate were selected as indications to evaluate the surgical effectiveness in the group that tubes were removed 7-10 days after surgery, and patients could practice early ambulation with the help of orthosis.
Statistical analysis.
All data was in the form of mean ±variance or cases-percentage. The sample size of both groups was less than 30 and did not coincide with a normal distribution; a nonparametric test was used. The Mann-Whitney test was used to compare independent measurement data, the Wilcoxon test was used to compare paired measurement data, and the Fisher exact test was used to compare enumeration data. P values <0.05 were considered statistically significant. Statistical analyses were performed using SPSS 21.0.
RESULTS.
There was no significant difference between the two groups in terms of age, gender, and smoking. Patients with comorbidities in the minimal group were 88.9%, higher than in the conventional group 47.6% (p<0.05). The mean hospital stay in the minimal group (10.1±2.26) was significantly shorter than in the conventional group (16.1±6.81). (Table 1 e 2) There was no significant difference in operation time between both groups. The patients in the minimal group had less blood loss (383.3±229.86) than in the conventional group (90.0±11.18). There was underwent minimally invasive surgery. According to the Wilcoxon tests, there were significant differences between the preoperative and 1-month postoperative in three indexes. The VAS scores were lower, and inflammatory indexes were decreased; they were all improved. (Fig 3) 
DISCUSSION
Conventional surgical treatments of thoracic infection are often accompanied by trauma and risk, which result in soft tissue injury, more bleeding, infection of peripheral structures, and slow recovery
4
. It is necessary to have a median incision from the posterior approach, the paraspinal muscle is stripped or injured, part of the lamina or articular process is resected, and the vertebral canal is decompressed. So many structures are affected that patients need long-term bed rest and rehabilitation exercises. The incidence of perioperative complications, such as thrombus, pneumonia, bedsore and infection is higher
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. On the other hand, open surgery allows complete debridement, reconstruction, and stabilization of the thoracolumbar spine and is more suitable for patients with deformity and instability. Soft tissues are eroded by inflammatory substances and the local structure is poorly differentiated; a scar is formed in the operation area, and local anatomy is not very clear 6 . If treated improperly, it is easy to damage the surrounding structures. Some scholars are inclined to open surgery to avoid injury of important blood vessels and nerves. It is not suggested that open surgery is safer and minimal surgery is riskier. The choice of treatment depends on the technology available and the experience of the surgeons. Most people are not familiar with the minimally invasive approach of the thoracic spine, which causes the percutaneous endoscope not to be widely used.
Minimally invasive surgery has the advantages of minimal invasion, safety, and low cost, and it is easily accepted by patients . Most patients want to solve the problem in one stage and prefer early ambulation. Open surgery sometimes requires preoperative biopsy and two stages: one for the posterior approach and another for the anterior approach
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. The treatment process is long and complex for patients to endure. With the development of the minimally invasive technique, treating the patients safely and effectively has become a new direction
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. However, we must be aware that it is not appropriate for everyone. It is better suited for patients with abscess and granulation, but it is not a good option for deformity and instability, so operation indications must be followed.
The percutaneous endoscope covers the shortage of CT guided biopsy and open surgery and is carried out to achieve the purpose of direct observation on lesions, taking out more pathogenic specimens, intervertebral disc and abscess cleaning, lavage and drainage
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. It is safe and accurate, avoiding damage to spinal stability. Compared to CT guided biopsy, more pathogenic specimens are taken out to enhance the bioptic positive rate, in order to identify pathogen types. So, it simultaneously has two functions, examination and treatment. The surgery is accomplished in a single stage, so it is easily accepted by patients
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. Conventional surgery usually requires preoperative biopsy and can be divided into more stages, anterior and posterior approach. The percutaneous endoscope is not as complicated, it is finished in one stage. For patients with severe underlying diseases, diabetes mellitus, coronary heart disease, and cerebrovascular diseases, and for patients who cannot tolerate major operations and need early mobilization, minimally invasive surgery is becoming the only option. It requires less time and causes less injury, with reduced effects on the heart, blood vessels, and lung and lower complication rates. The local anesthesia adopted can achieve quick recovery after surgery without the need to enter 
the ICU
11
. The incidence of hypostatic pneumonia and thrombosis is obviously reduced.
There were few reports on the treatment of thoracic lesions by the transforaminal endoscope. It is a high risk that may cause damage to the spinal cord and pleura. The most critical step is the puncture. Affected by thoracic chest and ribs, the posterolateral approach is limited
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. Compared with the lower lumbar spine, the puncture point is closer to the midline. The route is from 8-9cm laterally to the midline, through the intervertebral foramen, towards the vertebral disc. The angle should be more inclined to the ventral side, with 40 to 45 degrees to the coronal surface and parallel with the intervertebral space, so as to keep away from important structures, such as the thoracic cavity, rib, nerve root, and spinal cord
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. It is conducted under X-ray guidance during its whole course. The thoracic spinal canal has little space reserved, and blood supply and tolerance of the thoracic spinal cord are poor. Any slight injury and disturbance may lead to irreversible injury of the spinal cord. Therefore, the movements should be slow and gentle to avoid sudden damage to the spinal cord. During this period, the activities of the lower extremities are closely observed.
Since infection frequently invades the anterior column of the vertebrae, the lamina and spinal canal are usually preserved, except for epidural abscess. Nerve deficit requires decompression of the spinal cord, including removal of the lamina and articular process, and complete removal of abscess and inflammatory granulation tissues. Epidural abscess is rare, but paravertebral and anterior vertebral abscesses are common. For patients with abscess, minimally invasive surgery has more advantages, because it can clean up necrotic substances and relieve pain symptoms.
Deformity and instability result from illness progression, and open surgery is required for correction and reconstruction. A pedicle screw was used extensively because of its strong intensity, so that the three columns can be firmly fixed
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. The correction of kyphosis can be achieved by compression and distraction techniques. The technique of percutaneous endoscope cannot achieve the purpose of screw implantation and correction of deformities.
Before bacterial culture and drug sensitivity, antibiotics are empirically administrated. For gram-positive bacteria, especially methicillin-resistant Staphylococcus MRSA, vancomycin is more frequently used
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. Cefoperazone or imipenem are chosen for gram-negative bacteria, tetracycline for Brucella, isoniazid and streptomycin for tuberculosis 16 . After the operation, appropriate antibiotics are selected according to the results of bacterial culture and drug sensitivity
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. The application of antibiotics leads to a decrease of positive rate. Three days before the operation, it is suggested to stop antibiotics so as to improve the detection ratio of microorganisms
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. Mycobacterium tuberculosis has a long culture cycle and low detection rate, and mostly relies on bacterial smears, acid-fast staining and pathology, Brucella relies on immunological examination
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. Systemic administration may not achieve the aim of microbiological eradication, and irrigation with antibiotics effectively kills bacteria and prevents bacterial residue. Past opinions have suggested that local agents could produce drug-resistant strains, but that has not been observed. Irrigation can increase drug concentration in the lesions, especially for low concentration resistant pathogens.
Minimally invasive surgery still has risks of complications, paralysis caused by puncture injury of the nerve root and dural, hematoma caused by blood vessel injury, pneumothorax, intestinal fistula, and so on. Surrounding structure injured by puncture is an important cause of complications. Correct selection of surgical approach and avoiding puncture injury is the key to reduce complications. The range of vision under the endoscope is narrow, so surgeons should be familiar with microscopic anatomy and avoid blindfolded operation, hemostasis thoroughly and keep the drainage regularly so as to prevent hematoma and compression of spinal cord.
CONCLUSION
Percutaneous endoscopic debridement and irrigation for thoracic infection can reduce surgical trauma and shorten operation time and is especially suitable for patients with basic diseases and poor general conditions. It is an important supplement for the conventional treatment for thoracic infection, worthy of application.
